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HIGH SPEED DATA RECORDING AND 
REPRODUCING APPARATUS AND METHOD 
THAT MUTUALLY MONITORS THE USING 

RATIOS OF BUFFER MEMORIES TO 
THEREBY CONTROL THE READING OR 

WRITING OPERATION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to a high speed data recording and 
reproducing apparatus for ef?ciently recording and repro 
ducing a large amount of continuous data With a high data 
rate such as a moving image bit stream or the like to/from 
a plurality of disk devices arranged in parallel. 

2. Description of the Related Art 
NoWadays, use of an A/V server for recording What is 

called A/V (Audio/Video) data such as moving image data, 
audio data, and the like to a disk storage device such as a 
hard disk in place of a conventional tape medium is becom 
ing Wide spread. The A/V server ordinarily has a plurality of 
output channels and can independently output A/V data in 
parallel from the respective output channels. For example, in 
an A/V server Which is used for transmission in a broad 
casting station, A/V data of about 10 to 100 channels can be 
simultaneously outputted. In the A/V server, since a large 
amount of data is transferred at a high rate, for instance, a 
plurality of disk storage devices are connected in parallel 
and are used. 

Hitherto, in order to control such a plurality of disk 
storage media, it is necessary to synchroniZe each disk 
storage device. As a method of synchroniZing, either one of 
the folloWing tWo methods has been used. The ?rst method 
is a method Whereby a reading or Writing request is simul 
taneously sent to each disk storage device and the synchro 
niZation is obtained after the end of processes of all of the 
disk storage devices. The second method is a method 
Whereby the rotation of a disk in each disk storage device is 
physically synchroniZed, thereby preventing a variation of 
performance in individual disk storage devices from occur 
ring. 

In the above methods, according to the ?rst method, the 
time that is required by the A/V server in order to complete 
the reading/Writing operation of data is equal to the time 
required by the disk storage device that ?nishes the indi 
vidual processes last. On the other hand, an accessing time 
of each disk storage device depends on factors such as the 
rotation Waiting time and the search time. Since those 
factors, hoWever, differ for every device or process, they 
have a variation of a certain range. The ?rst method, 
therefore, has a problem such that the accessing time of the 
Whole server, Which depends on the data rate, is longer than 
the average accessing time of each disk storage device of the 
server and, therefore, it is not ef?cient. 

According to the second method, on the other hand, since 
physical factors such as an accessing time, etc. in each disk 
storage device constructing the server are identical, it is 
possible to eXpect that the accessing time of the Whole server 
is almost equal to the average accessing time of each disk 
storage device. HoWever, because special hardWare is nec 
essary as a disk storage device for this method there are 
problems such that the price is high and the usable storage 
capacity of the disk storage device is limited. 

In the disk storage device, on the other hand, as a state 
Where the accessing operation is most ef?ciently executed, a 
method Whereby data is physically continuously arranged 
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2 
onto the disk storage device and the data is continuously 
accessed by a block siZe that is large to a certain eXtent 
Without any disturbance is considered. 

In order to continuously arrange a large amount of data, 
to implement this method hoWever, the general OS 
(Operating System) cannot cope With such an arrangement 
and there is a problem that it is necessary to use a special OS. 
As mentioned above, in the A/V server, since it is necessary 
to output the data in parallel to a plurality of channels, there 
is also a problem that it is impossible to continuously access 
the data Without any disturbance. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

It is, therefore, an object of the invention to provide a high 
speed data recording and reproducing apparatus and method 
Which can use general disk storage devices and can obtain a 
data rate that is almost equal to an average accessing time of 
each disk storage device as a Whole. 

To solve the above problems, according to the invention, 
there is provided a high speed data recording apparatus 
Which uses a plurality of disk storage devices in parallel and 
continuously reproduces a large amount of data of a high 
data rate, comprising: a plurality of disk storage means in 
Which a bit stream is divided and stored; one or a plurality 
of control means, provided for each of the plurality of disk 
storage means, for respectively independently controlling 
accesses to the disk storage means; memory means Which is 
provided for each of the disk storage means and has a 
circulative structure such that data Which is Written into the 
disk storage means is temporarily stored by a predetermined 
unit in accordance With the control of the control means; and 
input means for sequentially storing supplied bit streams as 
to be the data Written into the respective memory means in 
accordance With a predetermined order. 
To solve the above problems, according to the invention, 

there is also provided a high speed data reproducing appa 
ratus Which uses a plurality of disk storage devices in 
parallel and continuously reproduces a large amount of data 
of a high data rate, comprising: a plurality of disk storage 
means in Which a bit stream is divided and stored; one or a 
plurality of control means, provided for each of the plurality 
of disk storage means, for respectively independently con 
trolling accesses to the disk storage means; memory means 
Which is provided for each of the disk storage means and has 
a circulative structure such that data Which is read out from 
the disk storage means is temporarily stored on a predeter 
mined unit basis on the basis of the control of the control 
means; and output means for sequentially reading out the 
data from the respective memory means in accordance With 
a predetermined order. 
To solve the above problems, according to the invention, 

there is also provided a high speed data recording method 
Whereby a plurality of disk storage devices are used in 
parallel and a large amount of data of a high data rate is 
continuously reproduced, comprising: a plurality of disk 
storage means in Which a bit stream is divided and stored; 
one or a plurality of control steps Which are provided for 
each of the plurality of disk storage means and respectively 
independently control accesses to the disk storage means; 
memory means Which is provided for each of the disk 
storage means and has a circulative structure such that data 
Which is Written into the disk storage means is temporarily 
stored on a predetermined unit basis on the basis of the 
control in the control step; and a step of sequentially storing 
supplied bit streams as the Write data into the respective 
memory means in accordance With a predetermined order. 



6,078,988 
3 

To solve the above problems, according to the invention, 
there is also provided a high speed data reproducing method 
Whereby a plurality of disk storage devices are used in 
parallel and a large amount of data of a high data rate is 
continuously reproduced, comprising: a plurality of disk 
storage means in Which a bit stream is divided and stored; 
one or a plurality of control steps Which are provided for 
each of the plurality of disk storage means and respectively 
independently control accesses to the disk storage means; 
memory means Which is provided for each of the disk 
storage means and has a circulative structure such that data 
read out from the disk storage means is temporarily stored 
on a predetermined unit basis on the basis of the control in 
the control step; and a step of sequentially reading out the 
data from the respective memory means in accordance With 
a predetermined order. 

As mentioned above, according to the invention, the 
supplied bit streams are stored in accordance With the 
predetermined order into one or a plurality of memory 
means Which are provided for each of the plurality of disk 
storage means and have a circulative structure. The data 
stored in the memory means is Written into the disk storage 
device. Therefore, a ?uctuation in each of the disk storage 
devices When the bit streams are recorded can be absorbed. 

According to the invention, the data read out from the 
plurality of disk storage means in Which the bit stream Was 
divided and stored is stored on a predetermined unit basis 
into one or a plurality of memory means Which are provided 
for each of the disk storage means and have a circulative 
structure. The stored data is sequentially read out and 
outputted in accordance With the predetermined order. 
Therefore, a ?uctuation in each of the disk storage devices 
When the bit streams are reproduced can be absorbed. 

The above and other objects and features of the present 
invention Will become apparent from the folloWing detailed 
description and the appended claims With reference to the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing an example of a 
construction of a data recording apparatus according to the 
invention; 

FIG. 2 is a diagram schematically shoWing an example of 
a structure of a ring buffer; 

FIG. 3 is a diagram schematically shoWing an arrange 
ment of image frames in each section of the apparatus; 

FIG. 4 is a ?oWchart shoWing a disk control according to 
the invention; 

FIG. 5 is a ?oWchart shoWing a disk control according to 
the invention; 

FIGS. 6A and 6B are ?oWcharts shoWing a disk control 
according to the invention; 

FIG. 7 is a graph shoWing an example of a using ratio of 
the ring buffer in each element at a certain time point; 

FIG. 8 is a diagram schematically shoWing a control in an 
output thread in case of performing a double-speed repro 
duction; and 

FIG. 9 is a diagram shoWing output frames When the 
double-speed reproduction is performed. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

An embodiment of the invention Will noW be described 
hereinbeloW With reference to the draWings. FIG. 1 shoWs an 
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4 
example of a construction of a data recording apparatus 
according to the invention. In this example, elements 1, 2, 3, 
and 4 are connected to an output unit or output thread 5, 
respectively. The elements 1 to 4 and output thread 5 are 
controlled by a standard computer (not shoWn) having, for 
example, a CPU, RAM, ROM, and other necessary compo 
nent elements. It is assumed that the computer is capable of 
multitasking, that is, it can simultaneously process a plural 
ity of programs. 

Each of the elements 1 to 4 has: a disk device 10 
comprising, for example, a hard disk; a read unit or read 
thread 11 for controlling the reading operation of data from 
the disk device 10; and a ring buffer 12 for performing a 
buffering of the read-out data. The disk storage device 10 is 
not limited to a single hard disk but may be also a disk array 
constructed by a plurality of hard disks. 
Among them, the disk storage device 10 is, for instance, 

a hard disk serving as a memory in each of the elements 1 
to 4. The read thread 11 is a program Which is formed by the 
above computer at the time of reading and is used for 
controlling the reading operation. By controlling an access 
to the disk storage device 10 by the read thread 11, the 
reading operation from the disk storage device 10 is con 
trolled. The ring buffer 12 is a memory having a capacity of, 
for example, about tens of Mbytes to a feW Gbytes for 
temporarily storing the data read out from the disk device 11 
by the read thread. 
One motion image bit stream is divided by a predeter 

mined method and is stored into the disk storage device 10 
Which each of the elements 1 to 4 has. The motion image bit 
stream is made up of a bit stream in Which frame data of an 
image continues. In this example, the motion image bit 
stream is compression encoded by a predetermined method 
and is recorded into the disk storage device 10. The inven 
tion is not limited to such a motion image bit stream, as a 
motion image bit stream Which is not compression encoded 
can be also recorded to the disk storage device 10. 
The motion image bit stream read out from the disk 

storage device 10 is outputted from each of the elements 1 
to 4 and is supplied to the output thread 5. The output thread 
5 is also a program Which is formed by the computer (not 
shoWn) in a manner similar to the foregoing read thread 11. 
The moving image bit streams Which Were divided and 
supplied are combined by the output thread 5 and the 
combined bit stream is taken out at an output terminal 6. The 
moving image bit stream outputted to the output terminal 6 
is supplied to, for instance, a monitor and is displayed. The 
invention is not limited to such a display but the moving 
image bit stream can be also transmitted to, for example, the 
netWork through a predetermined interface. 

FIG. 2 schematically shoWs an example of a structure of 
the ring buffer 12. As shoWn in the diagram, the ring buffer 
12 has a circulative structure such that buffers to store four 
image frames, namely, image frame data of four frames are 
labeled as a unit buffer and eight unit buffers are arranged 
like a ring. 
When seeing the element 1 as an example, eight buffer 

areas each having a capacity of, for example, a feW Mbytes 
are provided as unit buffers for the ring buffer 12 (unit 
buffers 12a, 12b, . . . , 12h). The image data of four frames 
is stored into each of the unit buffers 12a, 12b, . . . , 12h. The 

data is read out on a unit basis of four frames, respectively. 
For example, the data is sequentially read out like a ring in 
accordance With the order of the unit buffers 12a, 12b, . . . 

, 12h, 12a, 12b. . . . NeW data can be sequentially stored into 

the space from Which the data has been read out, respec 
tively. 
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A size of each of the unit buffers 12a to 12h can be 
changed in a software manner. That is, When the data is 
recorded into the disk storage device 10, the siZe of a unit 
buffer can be dynamically changed on the basis of informa 
tion recorded as recording information. The unit buffer siZe, 
hoWever, cannot be changed during the data reading opera 
tion. The siZe of each of the unit buffers 12a to 12h is set on 
the basis of a siZe of an image frame having the maximum 
data siZe among the image frames of the motion image bit 
stream Which is read out from the disk storage device 10. 

FIG. 3 schematically shoWs an arrangement of the image 
frames in each section of the apparatus in the case Where one 
moving image bit stream has been recorded for the data 
recording apparatus according to the invention. In FIG. 3, 
that is, the arrangement of the image frames on the disk 
device 10 and ring buffer 12 in each of the elements 1 to 4 
is shoWn and the arrangement of image frames on the output 
thread 5 is also shoWn. In the diagram, numbers Written 
sequentially to the image frames in accordance With the 
order from 0 indicate the time orders of the image frames. 

The image frames are continuously stored into one disk 
storage device 10 every four frames in accordance With the 
time order. The different image frames are stored into each 
of the elements 1 to 4. The image frames as much as four 
frames are handled as a unit. For example, the Zeroth frame, 
the fourth frame, the eighth frame, . . . are stored into the disk 
storage device 10 of the element 1. The 1st frame, the 5th 
frame, the 9th frame, . . . are stored into the disk storage 
device 10 of the element 2. The second frame, the sixth 
frame, the tenth frame, . . . are stored into the disk storage 

device 10 of the element 3. The 3rd frame, the 7th frame, the 
11th frame, . . . are stored into the disk storage device of the 

element 4. 
When a reading request is generated from the computer 

(not shoWn), the read thread 11 (omitted in FIG. 3) is formed 
in each of the elements 1 to 4, respectively. Four continuous 
image frames are read out from the disk storage device 10 
by the read thread 11. The four read-out image frames are 
once stored into the ring buffer 12. 

As mentioned above, the storage of the four image frames 
into the ring buffer 12 is executed to the space unit buffers 
among the unit buffers 12a, 12b, and 12h. In the example of 
the element 1, the frames are sequentially stored into the unit 
buffers 12a to 12h in the ring buffer 12 in a manner such that 
the 0th frame, the 4th frame, the 8th frame, and the 12th 
frame Which Were read out from the disk storage device 10 
are stored into the unit buffer 12a, the 16th frame, the 20th 
frame, the 24th frame, and the 28th frame are stored into the 
unit buffer 12b, and the like, respectively. 

In this instance, When there is no space unit buffer in the 
ring buffer 12, the reading operation of the image frames 
from the disk storage device 10 is stopped and no image 
frame is stored into the ring buffer 12. 

The ring buffer 12 in each of the elements 1 to 4 in Which 
the image frames Were stored as mentioned above is respec 
tively scanned by the output thread 5 and the image frames 
are set to a frame sequence of the correct time order and are 
outputted to the output terminal 6. 

The using ratio of the ring buffer 12 in each of the 
elements 1 to 4 is examined at predetermined periods by the 
output thread 5 by, for example, checking the space unit 
buffers in the ring buffer 12 in each of the elements 1 to 4 
at predetermined periods. When the using ratio is loWer than 
a predetermined threshold value T1, a ?ag is set into the ring 
buffer 12 by the output thread 5. This ?ag is called a help 
?ag. 
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On the other hand, Whether the help ?ag is set into the 

other elements is determined at predetermined periods by 
the read thread 11 of each of the elements 1 to 4, respec 
tively. In any one of the other elements, if the help ?ag has 
been set into the ring buffer 12 and the using ratio of the ring 
buffer 12 of the self element is higher than a preset threshold 
value T2, the apparatus is controlled by the read thread 11 so 
as to rest or pause the reading operation of the image frame 
from the disk storage device 10 for only a predetermined 
time. 

When the using ratio of the ring buffer 12 is loW, the 
?uctuation of a load or the ?uctuation of the ability of the 
disk storage device 10 cannot be absorbed and there is a 
possibility that the moving image bit stream cannot stably be 
outputted. In the invention, therefore, as mentioned above, 
the using ratios of the ring buffer 12 in the respective 
elements 1 to 4 are mutually monitored and the reading 
operation from the disk storage device 10 is controlled on 
the basis of a monitor result. Thus, the load of the disk 
storage device 10 can be temporarily reduced and the using 
ratio of the ring buffer 12 in Which the using ratio Was 
reduced can be recovered. Consequently, the using ratios of 
the ring buffer 12 of the Whole system can be almost 
equaliZed. The ability of the system can be distributed in 
accordance With the load. 

The threshold value T1 When the help ?ag is set and the 
threshold value T2 When discriminating Whether the access 
to the disk storage device 10 is rested or not are determined, 
for example, on the basis of speci?c experimental results. 

FIGS. 4, 5, 6A and 6B are ?oWcharts shoWing the above 
processes further in detail. FIG. 4 is the Whole ?oWchart. 
FIGS. 5, 6A and 6B are the ?oWcharts shoWing the processes 
in the read thread 11 and output thread 5, respectively. In this 
example, it is assumed that the moving image bit stream has 
been compression encoded in the motion JPEG format as a 
compression encoding format of a moving image using the 
JPEG (Joint Photographic Coding Experts Group) format 
developed as a compression encoding format of a still image 
and recorded in the disk storage device 10. 

First, the Whole ?oWchart shoWn in FIG. 4 Will be 
explained. In ?rst step S1, the siZe of the maximum image 
frame among the individual image frames constructing the 
moving image bit stream Which Was distributed every 
4-image frames and recorded as mentioned above into the 
disk storage device 10 of each of the elements 1 to 4 is 
obtained. In this example, since the siZe of the maximum 
frame has been stored in the header of the ?le, it is read. In 
step S2, the unit buffers 12a to 12h of a predetermined siZe 
are set in the ring buffer 12 of each of the elements 1 to 4 
on the basis of the maximum frame siZe and the ring buffer 
12 is therefore set up and assured. 

When the ring buffer 12 is assured in step S2, in step S3, 
the image frames as much as the unit buffers, namely, four 
image frames are read out from the disk storage device 10 
in each of the elements 1 to 4, respectively. The read-out 
image frames are stored into the head unit buffer (in the 
example of FIG. 2 mentioned above, the unit buffer 12a) in 
the ring buffer 12. In this example, since there are the four 
elements 1 to 4, 16 image frames as a Whole are stored into 
the ring buffer 12. 

In the embodiment, in each of the elements 1 to 4, if any 
one space unit buffer exists in the ring buffer 12, a ?ag called 
an event object to indicate the “space existing” state is set 
into each of the elements 1 to 4. In step S3, in each ring 
buffer 12, only one unit buffer 12a is ?lled With the image 
frames. Therefore, in subsequent step S4, the ?ag called the 
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event object is set into the “space existing” state for each of 
the elements 1 to 4. 

When the event object has been set in step S4, the read 
thread 11 is formed for each of the elements 1 to 4 in step 
S5. The reading operation of the image frames from the disk 
storage device 10, the storage of the read-out image frames 
into the ring buffer 12, and the like are executed. In step S6, 
the ring buffer 12 of each of the elements 1 to 4 is scanned 
by the output thread 5 and the image frames are set to the 
frame sequence of the correct time order and are outputted 
as a moving image bit stream. The process of the read thread 
11 in step S5 and the process of the output thread 5 in step 
S6 are executed in parallel. The processes in steps S5 and S6 
Will be described in detail hereinlater. 

The processes in the read thread 11 in step S5 mentioned 
above Will noW be described With reference to a ?oWchart of 
FIG. 5. As mentioned above, the processes of the ?oWchart 
shoWn in FIG. 5 are executed in parallel in each of the 
elements 1 to 4. Explanation Will noW be given relating to 
the element 1. 

In step S10, a unit buffer number i as a number shoWing 
each of the unit buffers 12a to 12h in the ring buffer 12 is set 
to 1 by the read thread 11. The reason Why the unit buffer 
number i is not set to i=0 shoWing the head unit buffer 12a 
is because the image frames have already been stored in the 
unit buffer 12a in step S3 mentioned above. 

In step S11, the apparatus Waits until it is checked Whether 
the event object is in the “space existing” state or not. If the 
event object is set to the “space existing” state, the process 
ing routine advances to step S12. The loop of step S11 
corresponds to a function Which the computer capable of 
multitasking has at the OS (Operating System) level and is 
performed Without raising the load of the CPU. 

In step S12, a check is made to see if the ith unit buffer 
shoWn by the unit buffer number i is empty. If the ith unit 
buffer is not empty, the processing routine is returned to step 
S11 and the apparatus enters a Waiting state of “space 
existing” of the event object. 
On the other hand, if the ith unit buffer is empty in step 

S12, the processing routine advances to step S13 and a check 
is made to see if the help ?ag has been set in the other 
elements (in this example, the elements 2, 3, and 4). If there 
is any element in Which the help ?ag has been set, in the oWn 
element (in this example, the element 1), a check is made in 
step S14 to see Whether the using ratio of the ring buffer 12 
is equal to or higher than the preset threshold value T2 or not. 
If the using ratio is equal to or higher than the threshold 
value T2, the process of the read thread 11 is rested only for 
a predetermined time (step S15). 

If the help ?ag is not set in the other elements in step S13, 
When the using ratio of the oWn ring buffer 12 is loWer than 
the threshold value T2 in step S14, or When a predetermined 
time elapses in step S15, the processing routine advances to 
step S16. The image frames are read out from the disk 
storage device 10 and the data as much as four image frames 
is stored into the ith unit buffer. 
When the image frames for the ith unit buffer are stored 

in step S16, the number i shoWing the unit buffer is increased 
by only “1” in step S17. When the number i is equal to or 
larger than 8 by the increasing process, i=0 is set. When the 
unit buffer number i is set as mentioned above, the process 
ing routine is returned to step S12 and the subsequent 
processes are repeated. 

The processes in the output thread 5 in step S6 Will noW 
be described With reference to the ?oWchart of FIGS. 6A and 
6B. The output thread 5 has a counter for counting the 
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8 
number of frames outputted. When the count value of the 
counter is an integer times as high as a preset period, the 
using ratio of the ring buffer 12 in each of the elements 1 to 
4 is examined. When the using ratio is loWer than the 
predetermined threshold value T1, the help ?ag is set to the 
corresponding element. 

In the output thread 5, the image frames are managed by: 
the element number i indicative of each of the elements 1 to 
4; a unit buffer number j corresponding to the unit buffer 
number i used in the ?oWchart for the read thread 11 
mentioned above; and a data number k in the unit buffer 
Which is sequentially added to each of the four image frames 
Which are stored into the unit buffers 12a to 12h from the 
preceding image frame With respect to the time. That is, in 
the output thread 5, if the image frame exists at a location 
shoWn by values of (i, j, k), it is outputted. 

For example, When the image frame (i, j, k)=(2, 5, 2), the 
third image frame in the unit buffer 12f in the ring buffer 12 
of the element 3 is outputted. The image frame existing at 
the location Which is decided by the values of (i, j, k) is 
referred to as an image frame (i, j, k) hereinbeloW. 
The numbers i, j, and k are set to loop variables in the 

output thread 5 and it is assumed that they are started from 
0 for convenience of explanation. That is, the element 1 
corresponds to the element No. 0, the unit buffer 12a 
corresponds to the unit buffer No. 0, and the head image 
frame in the unit buffer corresponds to the data No. 0, 
respectively. 

Further, as Will be explained hereinlater, the ?oWcharts 
shoWn in FIGS. 6A and 6B are looped until all of the moving 
image bit streams stored in the disk storage devices 10 of the 
elements 1 to 4 are read out and EOD (End Of Data) is 
outputted. The Whole loop is processed at a rate of 30 
times/sec When, for example, the motion image bit stream 
comprises a motion image of 30 frames/sec. The help ?ag is 
checked at a rate of, for example, once/sec. 

First in step S20, each value Which is used in the output 
thread 5 is initially set. That is, the element No. i, unit buffer 
No. j, and data No. k in the unit buffer are set to 0, 
respectively. Further, a count value C is set to 0. Although 
not shoWn, the value of the foregoing period is set to, for 
instance, 30. 

In step S21, the using ratio of the ring buffer 12 is 
examined and (count value C/period) is calculated in order 
to obtain a timing to perform the setting of the help ?ag or 
the like. In a calculation result, if the remainder is equal to 
0, the processing routine advances to step S22. The using 
ratio of the ring buffer 12 of each of the elements 1 to 4 is 
examined by the output thread 5. When there is the ring 
buffer 12 in Which the using ratio is smaller than the 
threshold value T1, the help ?ag is set to the relevant element 
(step S23). 
When the remainder of the calculation result is not equal 

to 0 in step S21, When the ring buffer 12 in Which the using 
ratio is loWer than the threshold value T1 doesn’t exist in 
step S22, or When the setting of the help ?ag is ?nished in 
step S23, the processing routine advances to step S24. 

In step S24, a check is made to see if the image frame (i, 
j, k) exists. If the relevant location is empty and the image 
frame (i, j, k) doesn’t exist, the processing routine advances 
to step S35 and the BOD is outputted. The series of 110W 
charts are ?nished. 

When the image frame (i, j, k) exists in step S24, the 
processing routine advances to step S25 and the image frame 
(i, j, k) is outputted. The outputted image frame is displayed 
to, for example, a monitor. 
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When one image frame is outputted, the element number 
i is increased by only “1” in step S26. In subsequent steps 
S27 to S34, the loop variables i, j, and k are respectively 
calculated so as to obtain the outputs in accordance With the 
order shoWn in FIG. 3 mentioned above. 

That is, When the element No. i is equal or larger than 4 
(step S27), i=0 is set and the data No. k in the unit buffer is 
increased by only “1” (step S28). When k is equal to or 
larger than 4 (step S29), k=0 is set and the unit buffer No. 
j is increased by only “1” (step S30). Further, When the 
buffer No. j is equal to or larger than 8 (step S31), j=0 is set 
(step S32). When the element No. i is less than 4 in sep S27, 
When the data No. k in the unit buffer is less than 4 in step 
S29, When the unit buffer No. j is less than 8 in step S31, or 
When j=0 in step S32, Whether k=0 or not is discriminated 
in step S33. 
When k=0 in step S33, this means that a space occurs in 

the relevant unit buffer. The processing routine advances to 
step S34 and the event object is set into the “space existing” 
state. In step S34, the count value C is increased by only “1”. 
The processing routine is returned to step S21. When k¢0 in 
step S33, the processing routine is also returned to step S21. 

Since the processing routine is returned to step S21 and 
the above processes are repeated, the loop variables i, j, and 
k sequentially change. In step S25, the image frames are 
combined into one frame in accordance With the frame 
sequence and the combined image frame is outputted. 

FIG. 7 shoWs an eXample of the using ratio of the ring 
buffer 12 of each of the elements 1 to 4 at a certain time 
point. As shoWn in the diagram, the using ratios of the ring 
buffers 12 of the elements 1 to 4 are variable and the using 
ratios ?uctuate With the elapse of time. As to Why the using 
ratio of the ring buffer 12 of each of the elements 1 to 4 
?uctuates as mentioned above, some reasons include the 
difference of cutting states of the ?les of the moving image 
bit streams When those ?les are arranged in the disk storage 
device 10 in each of the elements 1 to 4, a ?uctuation in 
accessing speed of the disk storage device 10, or competition 
With the other streams. 

HoWever, eventually, the Whole reading rate approaches 
the average reading rate of the disk storage device 10 as 
close as possible. As a Whole system, therefore, the total 
reading rate of the average reading rates of the individual 
disk storage devices 10 is obtained as a principle. That is, 
according to the invention, the synchroniZation is not estab 
lished among the elements 1 to 4 at the reading time point 
of the image frames from the disk storage devices 10. The 
?uctuation of the rate of each element is absorbed by the 
buffering operation of the ring buffer 12 and the ef?ciency 
for paralleliZation is improved. 

In case of reading out the moving image bit stream and 
reproducing the moving image by the read-out bit stream, 
for instance, there is a case Where reproduction such as 
double speed or triple speed is required. A case of perform 
ing the double-speed reproduction by the above construction 
Will noW be described. 

FIG. 8 schematically shoWs the control of the output 
thread 5 in case of performing the double speed reproduc 
tion. In the diagram, the unit buffers 126 to 12h in the ring 
buffer 12 are omitted. As mentioned above, in case of the 
double speed reproduction, the image frames are read out 
from the ring buffer 12 of each of the elements 1 to 4 every 
other unit block. In each of the elements 1 to 4, the unit block 
to be read out is deviated by one. In the odd-number 
designated elements 1 and 3, the image frames are read out 
from the unit block 12a. In the even-number designated 
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10 
elements 2 and 4, the image frames are read out from the unit 
block 12b. In the eXample of FIG. 8, no data is read out from 
the unit blocks marked With “X”. 

Outputs from the output thread 5 are ?rst alternately read 
out from the odd-number designated elements 1 and 3 in a 
manner such as frame Nos. 0, 2, 6, . . . , 12, and 14 and are 

subsequently alternately read out from the even-number 
designated elements 2 and 4 in a manner such as frame Nos. 
17, 19, 21, . . . , 29, and 31. In case of reading out the image 
frames as mentioned above, as shoWn in FIG. 9, discontinu 
ous points eXist every eight frames in the stream that is 
outputted and are converged to an inherent double-speed 
frame sequence. HoWever, since those discontinuous points 
are points such that there is a possibility that a slight feeling 
of physical disorder is given in a scene such that a large 
object sloWly moves at a constant speed, they don’t actually 
cause any problem. The triple-speed reproduction or the 
4-times speed reproduction can be also realiZed by a similar 
method. 

Although one moving image bit stream of only one 
system has been outputted in the above description, the 
invention is not limited to this eXample. That is, in the actual 
A/V server or the like, a plurality of moving image bit 
streams are read out in parallel and are outputted in parallel 
to a plurality of output systems. The invention can be also 
applied to a system having the relation of a number of 
moving image bit streams and a number of outputs. In this 
case, for eXample, in case of outputting S moving image bit 
streams, (S><4) read threads 11, (S><4) ring buffers 12, and S 
output threads 5 are necessary. The disk storage device 10 
can be commonly used. 

Although eight unit buffers in Which four image frames 
are set to one unit have been allocated to the ring buffer 12 
in the above description, the invention is not limited to this 
eXample. The number of image frames Which are stored into 
those unit buffers and the number of unit buffers Which are 
allocated to the ring buffer 12 can be changed as necessary. 

Further, although the case of applying the invention to the 
reading operation of the moving image bit streams from the 
disk storage device 10 has been described above, the inven 
tion is not limited to such an eXample. That is, the invention 
can be also applied to the case of Writing data of the stream 
into the disk storage device 10. The processes upon Writing 
are controlled substantially the same manner as that upon 
reading eXcept that the direction of the stream is merely 
opposite to that mentioned above. 

In other Words, the moving image bit streams are con 
tinuously supplied to an input thread corresponding to the 
above output thread 5. The supplied streams are stored into 
the ring buffer 12 by the allocation shoWn in FIG. 3 
mentioned above. AWrite thread corresponding to the fore 
going read thread 11 is formed for each of the elements 1 to 
4. The image frames read out from the ring buffer 12 every 
unit buffer are Written into the disk storage device 10 by the 
access control of the disk storage device 10 by the Write 
thread. 
The using ratio of the ring buffer 12 of each of the 

elements 1 to 4 is monitored by the input thread and the help 
?ag is set to the element of the loW using ratio. The help ?ags 
are mutually monitored by the elements 1 to 4 and Write 
thread. In the element in Which the help ?ag has been set to 
the other elements and the using ratio of the oWn ring buffer 
12 is loW, the Writing operation of the image frames to the 
disk storage device 10 is rested for a predetermined time. 
By executing such a control even at the time of the Writing 

operation, the Writing rate of the Whole system for the disk 
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storage device 10 can be made to approach the average 
Writing rate of each disk storage device 10 and the ef?ciency 
can be improved. 

According to the invention as described above, the read 
ing operation of the image frames from the disk storage 
device is controlled by the using ratios of the ring buffer of 
the other elements and the oWn element. There is, 
consequently, an effect such that the paralleliZation of the 
disk storage devices can be ef?ciently realiZed Without using 
a special hardWare such that the rotations of a plurality of 
disks are physically synchroniZed. 

According to the invention, there is an effect such that in 
the plurality of simultaneous accessing states for the disk 
storage devices, the ability of the system can be dynamically 
distributed in accordance With the load and the effective 
utiliZation of resources can be realiZed. 

The present invention is not limited to the foregoing 
embodiment but many modi?cations and variations are 
possible Within the spirit and scope of the appended claims 
of the invention. 
What is claimed is: 
1. Ahigh speed data recording apparatus for continuously 

storing an amount of data at a predetermined data rate, 
comprising: 

a plurality of disk storage means connected in parallel and 
in Which a bit stream of data is divided and stored; 

at least one control means provided for each of said 
plurality of disk storage means for respectively inde 
pendently controlling accesses to said disk storage 
means; 

memory means provided for each of said disk storage 
means and having a circulative structure, Whereby data 
Written into said disk storage means is temporarily 
stored by a predetermined unit in accordance With a 
control by said control means; 

input means for sequentially storing supplied bit streams 
of data so as to be said Written into said respective 
memory means in accordance With a predetermined 
order; and 

means for examining a using ratio of each of said memory 
means and setting a ?ag indicative of a one of said 
memory means in Which said using ratio is loWer than 
a ?rst threshold value, 

Wherein said control means examines the using ratio of 
said one of said memory means corresponding to said 
?ag and executes an access control for said disk storage 
means so that When said using ratio is higher than a 
second threshold value, if said ?ag has been set in any 
one of said memory means other than said one of said 
memory means corresponding to said ?ag, a Writing 
operation of the data to said disk storage means corre 
sponding to said one of said memory means corre 
sponding to said ?ag is at rest for a predetermined time. 

2. A high speed data reproducing apparatus for continu 
ously reproducing an amount of data at a predetermined data 
rate, comprising: 

a plurality of disk storage means connected in parallel and 
in Which a bit stream of data is divided and stored; 

at least one control means provided for each of said 
plurality of disk storage means for respectively inde 
pendently controlling accesses to said disk storage 
means; 

memory means provided for each of said disk storage 
means and having a circulative structure, Whereby data 
read out from said disk storage means is temporarily 
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stored on a predetermined unit basis on the basis of a 

control by said control means; 

output means for sequentially reading out the data from 
said respective memory means in accordance With a 

predetermined order; and 
means for examining a using ratio of each of said memory 

means and setting a ?ag indicative of a one of said 

memory means in Which said using ratio is loWer than 
a ?rst threshold value, 

Wherein said control means examines the using ratio of 
said one of said memory means corresponding to said 
?ag and executes an access control for said disk storage 
means so that When said using ratio is higher than a 
second threshold value, if said ?ag has been set in any 
one of said memory means other than said one of said 

memory means corresponding to said ?ag, a reading 
operation of the data from said disk storage means 
corresponding to said one of said memory means 

corresponding to said ?ag is at rest for a predetermined 
time. 

3. A high speed data recording method for continuously 
recording an amount of data of a predetermined data rate, 
comprising the steps of: 

dividing and storing a bit stream of data in a plurality of 
disk storage means; 

providing at least one control step for each of said 
plurality of disk storage means and respectively inde 
pendently controlling accesses to said disk storage 

means; 

providing memory means for each of said disk storage 
means With a circulative structure such that data Which 

is Written into said disk storage means is temporarily 
stored on a predetermined unit basis on the basis of the 

control in said step of controlling; 

sequentially storing supplied bit streams as said Write data 
into said respective memory means in accordance With 
a predetermined order; 

examining a using ratio of each of said memory means 
and setting a ?ag indicative of a one of said memory 
means in Which said using ratio is loWer than a ?rst 
threshold value; and 

examining the using ratio of said one of said memory 
means corresponding to said ?ag and executing an 
access control for said disk storage means so that When 
said using ratio is higher than a second threshold value, 
if said ?ag has been set in any one of said memory 
means other than said one of said memory means 

corresponding to said ?ag, a Writing operation of the 
data to said disk storage means corresponding to said 
one of said memory means corresponding to said ?ag 
is at rest for a predetermined time. 

4. A high speed data reproducing method Whereby an 
amount of data of a predetermined data rate is continuously 
reproduced, comprising the steps of: 

dividing and storing a bit stream of data in a plurality of 
disk storage means; 

providing at least one control step for each of said 
plurality of disk storage means and respectively inde 
pendently controlling accesses to said disk storage 
means; 
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providing memory means for each of said disk storage 
means With a circulative structure such that data read 
out from said disk storage means is temporarily stored 
on a predetermined unit basis on the basis of the control 
in said step of controlling; 

sequentially reading out the data from said respective 
memory means in accordance With a predetermined 

order; 
examining a using ratio of each of said memory means 

and setting a ?ag indicative of a one of said memory 
means in Which said using ratio is loWer than a ?rst 
threshold value; and 
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14 
examining the using ratio of said one of said memory 

means corresponding to said ?ag and executing an 
access control for said disk storage means so that When 

said using ratio is higher than a second threshold value, 
if said ?ag has been set in any one of said memory 
means other than said one of said memory means 

corresponding to said ?ag, a reading operation of the 
data from said disk storage means corresponding to 
said one of said memory means corresponding to said 
?ag is at rest for a predetermined time. 


